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MARKERS FOR DETECTION OF GASTRIC CANCER 

Field of the Invention 

This invention relates to detection of cancer. Specifically, this invention relates to 
the use of genetic markers for detection of cancer, and more particularly to the use of 
genetic markers for detection of gastric cancer. 

BACKGROUND 

Introduction 

Survival of cancer patients is greatly enhanced when the cancer is detected and 
treated early. In the case of gastric cancer, patients diagnosed with early stage disease 
have 5-year survival rates of 90%, compared to approximately 10% for patients 
diagnosed with advanced disease. However, the vast majority of gastric cancer patients 
currently present with advanced disease. Therefore, developments that lead to early 
diagnosis of gastric cancer can lead to an improved prognosis for the patients. 

Identification of specific cancer-associated markers in biological samples, 
including body fluids, for example, blood, urine, peritoneal washes and stool extracts can 
provide a valuable approach for the early diagnosis of cancer, leading to early treatment 
and improved prognosis. Specific cancer markers also can provide a means for 
monitoring disease progression, enabling the efficacy of surgical, radiotherapeutic and 
chemotherapeutic treatments to be tracked. However, for a number of major cancers, the 
available markers suffer from insufficient sensitivity and specificity. For example, the 
most frequently used markers for gastric cancer, cal9-9, ca72-4 and CEA detect only 
about 15-50% of gastric tumors of any stage, declining to approximately 2-11% for early 
stage disease. Thus, there is a very high frequency of false negative tests that can lead 
patients and health care practitioners to believe that no disease exists, whereas in fact, the 
patient may have severe cancer that needs immediate attention. Moreover, these markers 
can give false positive signals in up to 1/3 of individuals affected by benign gastric 
disease. 
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SUMMARY OF THE INVENTION 
Thus, there is an acute need for better methods for detecting the presence of 
cancer. This invention provides methods, compositions and devices that can provide 
more sensitive detection of early stage cancer, while simultaneously decreasing the 
frequency of false positives and false negative test results. 

In certain embodiments, molecular analysis can be used to identify genes that are 
highly and selectively expressed in gastric tumor tissue compared to non-malignant 
gastric tissue. Such analyses include microarray and quantitative polymerase chain 
reaction (qPCR) methods. Cancer genes and proteins encoded by those genes are herein 
termed gastric tumor markers (GTM). It is to be understood that the term GTM does not 
require that the marker be specific only for gastric tumors. Rather, expression of GTM 
can be increased in other types of tumors, including malignant tumors. Rather a cancer 
gene may be expressed in a variety of cancers, including gastric, bladder, colorectal, 
pancreatic, ovarian, skin (e.g., melanomas), liver, esophageal, endometrial and brain 
cancers, among others. 

In certain embodiments, microarray methods can be used to detect patterns of 
over-expression of one or more genes associated with cancer. 

In other embodiments, quantitative polymerase chain reaction (qPCR) can be used 
to identify the presence of markers in tumor or other biological samples. 

Selected genes that encode proteins can be secreted by or cleaved from the cell. 
These proteins, either alone or in combination with each other, have utility as serum or 
body fluid markers for the diagnosis of gastric cancer or as markers for monitoring the 
progression of established disease. Detection of protein markers can be carried out using 
methods known in the art, and include the use of monoclonal antibodies, polyclonal 
antiesera and the like. 

BRIEF DESCRIPTION OF THE FIGURES 
This invention is described with reference to specific embodiments thereof and 

with reference to the figures, in which: 

Figure 1 depicts a table of markers and oligonucleotide sequences of markers for 

gastric cancer of this invention. 
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Figure 2 depicts a table of results obtained of studies carried out using microarray 
methods. 

Figure 3 depicts a table of results obtained of studies carried out using 
quantitative PCR. 

Figures 4a - 4d depict relationships between log2 fold results obtained using array 
and qPCR methods, in which the data is centered on the median normal for four gastric 
cancer markers. Grey squares correspond to non-malignant ("normal") samples and black 
triangles to tumor samples. Figure 4a: ASPN. Figure 4b: SPP1. Figure 4c: SPARC. 
Figure 4d:MMP12. 

Figures 5a-5w depict histograms showing the relative frequency vs. log2 fold 
change data obtained from oligonucleotide microarray studies of various tumor markers. 
Figure 5a: ASPN; 5b: CST1,2 & 4; 5c: CSPG2; 5d: IGFBP7; 5e: INHBA; 5f: LOXL2; 
5g: Lumican; 5h: SFRP4; 5i: SPARC; 5j: SPP1; 5k: THBS2; 51: TIMP1; 5m: adlican; 5n: 
PRS11; 5o: ASAH1; 5p: SFRP2; 5q: GGH; 5r: MMP12; 5s: KLK10; 5t: LEPRE1; 
5u:TG; 5v: EFEMP2 and 5w: TGFBI. 

Figure 6 is a histogram showing the number of markers with a higher expression 
than the 95 th percentile of the median normal expression. Results are based on qPCR data 
and are shown separately for each tumor sample. 

DETAILED DESCRIPTION 
Markers for detection and evaluation of tumors including gastric are provided. 
We have surprisingly found that numerous genes and proteins are associated with gastric 
tumors. Detection of gene products (e.g., oligonucleotides such as mRNA) and proteins 
and peptides translated from such oligonucleotides therefore can be used to diagnose 
tumors, such as gastric tumors. Array analysis of samples taken from patients with 
gastric tumors and from subjects without gastric tumors has led us to the surprising 
discovery that in many gastric tumors, specific patterns of gene expression are associated 
with the disease. 

Cancer markers can also be detected using antibodies raised against cancer 
markers. 
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By analyzing the presence and amounts of expression of a plurality of cancer 
markers can thus increase the sensitivity of diagnosis while decreasing the frequency of 
false positive and/or false negative results. 

General Approaches to Cancer Detection 

The following approaches are non-limiting methods that can be used to detect cancer 
including gastric cancer using GTM family members. 

• Microarray approaches using oligonucleotide probes selective for products of 
GTM genes. 

• Real-time PCR on tumor samples and normal samples using marker specific 
primers and probes. 

• Enzyme-linked immunological assays (ELISA). 

• Immunohistochemistry using anti-marker antibodies on gastric tumors and lymph 
node metastases. 

• Immunohistochemistry using anti-marker antibodies on other tumors including 
but not limited to colorectal, pancreatic, ovarian, melanoma, liver, esophageal, 
bladder, endometrial, and brain. 

• Immunodetection of marker family members in sera from gastric cancer patients 
taken before and after surgery to remove the tumor. 

• Immunodetection of marker family members in sera from healthy individuals and 
individuals with non-malignant diseases such as gastritis, gastric metaplasia and 
dysplasia. 

• Immunodetection of marker family members in patients with other cancers 
including but not limited to colorectal, pancreatic, ovarian, melanoma, liver, 
oesophageal, bladder, endometrial, and brain. 

• Immunodetection of marker family members in gastric fluid, peritoneal washes 
and stool from gastric cancer patients. 

• Analysis of array or qPCR data using computers. Primary data is collected and 
fold change analysis is performed by comparison of levels of gastric tumor gene 
expression with expression of the same genes in non-tumor tissue. A threshold 
for concluding that expression is increased is provided (e.g., 1.5 x increase, 2-fold 
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increase, and in alternative embodiments, 3-fold increase, 4-fold increase or 5- 
fold increase). It can be appreciated that other thresholds for concluding that 
increased expression has occurred can be selected without departing from the 
scope of this invention. Further analysis of tumor gene expression includes 
matching those genes exhibiting increased expression with expression profiles of 
known gastric tumors to provide diagnosis of tumors. 

In certain aspects, this invention provides methods for detecting cancer, 
comprising: 

(a) providing a biological sample; and 

(b) detecting the over expression of a GTM family member in said 

sample. 

In other aspects, the invention includes a step of detecting over expression of 
GTM mRNA. 

In other aspects, the invention includes a step of detecting over expression of a 
GTM protein. 

In yet further aspects, the invention includes a step of detecting over expression of 
a GTM peptide. 

Other aspects of this invention include a polyclonal antiserum and monoclonal 
antibodies specific for a GTM. 

In still further aspects, the invention includes a device for detecting a GTM, 
comprising: 

a substrate having a GTM capture reagent thereon; and 

a detector associated with said substrate, said detector capable of detecting a 
GTM associated with said capture reagent, wherein the capture reagent includes an 
oligonucleotide or an antibody. 

Additional aspects include kits for detecting cancer, comprising: 

a substrate; 

a GTM capture reagent, including one or more of a GTM-specific oligonucleotide 
and a GTM-specific antibody; and 
instructions for use. 
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Yet further aspects of the invention include an expression vector for a GTM, 
comprising: 

a promoter, 

one or more enhancers; 
an initiation codon; 

an oligonucleotide sequence of a GTM in an open reading frame; 
a stop codon; and 

optionally comprising a selectable marker. 

Additional aspects of this invention comprise acell for expressing a GTM 
comprising: 

a cell capable of sustained growth in in vitro conditions; and 

a functional expression vector containing a GTM oligonucleotide sequence, said 
cell being a prokaryotic cell or a eukaryotic cell. 

Additional aspects of this invention include a method for manufacturing a 
monoclonal antibody, comprising the steps of: 

immunizing a host organism with a GTM protein or fragment; 

isolating a spleen cell from said host; 

fusing said spleen cell with a cell capable of being propagated in vitro thereby 
producing a fused cell; 

selecting and isolating said fused cell; and 
producing an culture from said isolated fused cells. 

In yet further aspects, this invention includes a method for detecting gastric 
cancer, comprising the steps of: 

providing a sample from a patient suspected of having gastric cancer; 

measuring the presence of a GTM protein using an ELISA method. 

As described herein, detection of tumors can be accomplished by measuring 
expression of one or more tumor-specific markers. We have unexpectedly found that the 
association between increased expression of GTMs and the presence of diagnosed gastric 
cancer is extremely high. The least significant association detected had a p value of 
about 1.6 x 10**. Many of the associations were significant at p values of less than 10" 2 °. 
With such a high significance, it may not be necessary to detect increased expression in 
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more than one GTM. However, the redundancy in the GTMs of this invention can permit 
detection of gastric cancers with an increased reliability. 

The methods provided herein also include assays of high sensitivity. qPCR is 
extremely sensitive, and can be used to detect gene products in very low copy number 
(e.g., 1 - 100) in a sample. With such sensitivity, very early detection of events that are 
associated with gastric cancer is made possible. 

EXAMPLES 

The examples described herein are for purposes of illustrating embodiments of the 
invention. Other embodiments, methods and types of analyses are within the scope of 
persons of ordinary skill in the molecular diagnostic arts and need not be described in 
detail hereon. Other embodiments within the scope of the art are considered to be part of 
this invention. 

Example 1 : Tumor Collection 

Gastric tumor samples and non-malignant gastric tissues were collected from 
surgical specimens resected at Seoul National University Hospital, Korea. Diagnosis of 
gastric cancer was made on the basis of patient history, symptoms, physical findings and 
histological examination of tissues. 

Example 2: RNA Extraction 

In some embodiments, expression of genes associated with gastric tumors were 
analyzed by determining the changes in RNA from samples taken from tumors. Frozen 
surgical specimens were embedded in OCT medium. 60um sections were sliced from the 
tissue blocks using a microtome, homogenized in a TriReagent: water (3:1) mix, then 
chloroform extracted. Total RNA was then purified from the aqueous phase using the 
RNeasy™ procedure (Qiagen). RNA was also extracted from 16 cancer cell lines and 
pooled to serve as a reference RNA. 
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Example 3: Microarray Slide Preparation 

Epoxy coated glass slides were obtained from MWG Biotech AG, Ebersberg, 
Germany) and were printed with -30,000 50mer oligonucleotides using a Gene Machines 
microarraying robot, according to the manufacturer's protocol. Reference numbers 
(MWG oligo #) for relevant oligonucleotides, and the NCBI mRNA and protein reference 
sequences are shown in Figure 2. 

Example 4: RNA labeling and hybridization 

cDNA was transcribed from lOug total RNA using Superscript H reverse 
transcriptase (Invitrogen) in reactions containing 5-(3-aminoallyl)- 2' deoxyuridine -5'- 
triphosphate. The reaction was then de-ionised in a Microcon column before being 
incubated with Cy3 or Cy5 in bicarbonate buffer for 1 hour at room temperature. 
Unincorporated dyes were removed using a Qiaquick column (Qiagen) and the sample 
concentrated to 15ul in a SpeedVac. Cy3 and Cy5 labeled cDNAs were then mixed with 
Ambion ULTRAhyb buffer, denatured at 100°C for 2 mins and hybridized to the 
microarray slides in hybridisation chambers at 42°C for 16 hours. The slides were then 
washed and scanned twice in an Axon 4000A scanner at two power settings to yield 
primary fluorescence data on gene expression. 

Example S: Normalization Procedure 

To compare expression of cancer genes from tumors and non-cancerous tissues, 
median fluorescence intensities detected by Genepix™ software were corrected by 
subtraction of the local background fluorescence intensities. Spots with a background 
corrected intensity of less than zero were excluded. To facilitate normalization, intensity 
ratios and overall spot intensities were log-transformed. Log-transformed intensity ratios 
were corrected for dye and spatial bias using local regression implemented in the 
LOCFIT™ package. Log-transformed intensity ratios were regressed simultaneously 
with respect to overall spot intensity and location. The residuals of the local regression 
provided the corrected log-fold changes. For quality control, ratios of each normalized 
microarray were plotted with respect to spot intensity and localization. The plots were 
subsequently visually inspected for possible remaining artifacts. Additionally, an analysis 
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of variance (ANOVA) model was applied for the detection of pin-tip bias. All results and 
parameters of the normalization were inserted into a Postgres-database for statistical 
analysis. 



Example 6: Statistical Analysis 

Statistically significant changes in gene expression in tumor samples vs. normal 
tissues were identified by measured fold changes between arrays. To accomplish this, 
log2 (ratios) were scaled to have the same overall standard deviation per array. This 
standardization procudure reduced the average within-tissue class variability. The log2 
(ratios) were further shifted to have a median value of zero for each oligonucleotide to 
facilitate visual inspection of results. A rank-test based on fold changes was then used to 
improve the noise robustness. This test consisted of two steps: (i) calculation of the rank 
of fold change (Rfc) within arrays and ii) subtraction of the median (Rfc) for normal 
tissue from the median(Rfc) for tumor tissue. The difference of both median ranks 
defines the score of the fold change rank presented in Figure 2.Two additional statistical 
tests were also performed on this standardized data: 1) Two sample student's t-test, with 
and without the Bonferroni adjustment and 2) the Wilcoxon test. 

Example 7: Quantitative Real-Time PCR 

In other embodiments, real-time, or quantitative PCR (qPCR) can be used for 
absolute or relative quantitation of PCR template copy number. Taqman™ probe and 
primer sets were designed using Primer Express V 2.0™ (Applied Biosystems). Where 
possible, all potential splice variants were included in the resulting amplicon, with 
amplicon preference given to regions covered by the MWG-Biotech-derived microarray 
oligonucleotide. Alternatively, if the target gene was represented by an Assay-on- 
Demand™ expression assay (Applied Biosystems) covering the desired amplicons, these 
were used. The name of the gene, symbol, the Applied Biosystems "assay on demand- 
number, forward primer, reverse primer and probe sequence used for qPCR are shown. In 
the in-house designed assays, primer concentration was titrated using a SYBR green 
labeling protocol and cDNA made from the reference RNA. Amplification was carried 
out on an ABI Prism™ 7000 sequence detection system under standard cycling 
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conditio. When single amplification p^,, were ohsmei fa ^ ^ 
s.anda„l curves were genemted over . 625 . fo|d ^ ^ ^ ^ 

"* 5TAM " 3>TAMRA Taqman™ p rob e (Proligo, a, a final 

concentration of 2 5 0nM. Assays giving s^dard ctnves with regression coefficients over 
0.98 were used in subsequent assays. I, can be appreciated tha, in other embodiments 
regression coefficients need no, be as high. Rafoer, any standard curve can be used so' 
ong as me regress™ coefficients are sufficiently high to permit statistically aigmfican, 
determination of difcen«s in expression. Such regression coefficients may he aboye 
about 0.7, above about 0.8, above about 0.9 or above about 0.95 in ahemative 
embodiments. 

Assays were perfonned over two 96 well plates with each RNA sample 
represented by a single cDNA. Each plate contained a reference cDNA standard curve 

over a 625-fold concentiation range, in duplicate. Analysis consisted of calculadng the' 
4CT (target gene CT . mean referenK cDNA ^ ^ fc ^ ^ ^ 

negative log2 fold change. log2 fcld changes rebtive to the median non-malignan, log2 
fold change went then calculated (I„g2 fold change - median normal log2 fold change) 
These fold changes were then clustered into frequency classes and graphed. 

Example 8: Microarray Analysis of Cancer Marker Ge.es 

RNA from 58 gaatric tumors and 58 non-maiigmtnt ("normal") gastric tissue 
samples were labeled with Cy5 and hyhridized in duphcate or triplicate with Cy3 labeled 
reference RNA. After normalization, the change in expression in each of 29,718 genes 
was .hen estimated by three measures: (i) ^ „ ratio „ fc ^ ^ 
expression (unatandtudiaed) in the tinner samples divided by me median level in foe non- 
mahgnan, samples, (ii) fojd^ ^ md @) ^ ^^^^ ^ fc 
observed fold changes were significant. 

Selection of Serum Markers for Gastric MaUgnancy 

In certain embodiments, the cancer marker can be found in biological fluids 
including serum. Serum markers were selected from the array data based on (i)' 
likelihood that the encoded protein is secreted from me eel, or cleaved from the 
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nrembrane. 00 the median teve. of over-expression <,„,„ change) „ ^ 
non-ma hgnan, ««, (Hi, U,e median change in expression ^ betwee „ 
non-malt^, control, «, (iv) * degrK „ ^ ^ fc ^ ^ 

» ft. ^ and the „o„. m a ligrant o„ ntrols; genes wwe ^ jf >m 

apples showed expression levels within the «• percen tiI e of the non-malig^n, _ 
Th vananon in ta des« of „v e , Kpression h fc ^ ^ ^ 

W heterogeneity bu, also variations i„ the exten, of contamination of the tumo 

in.?. *" inci,,din8 musc,e ' — - MUS - 

ep.theha, glan*. This w contanunation range, from 5 ,o 70 % with a nreoi. of 
approxtmately 2 5 V Otter genes were excluded because of high reUive expression in 
hematopotettc ee lls> or elevated expression in metaplastic gaarrio tissue. , ea„ ho 
appretnated tha, depending „„ me degree of contaminadon hy nomra, cells or eons tha, 
nonnaUy express the marker, different threshold ranges can be ^ tha, can provide 
sufficten. separation between a cancer source and a normal source 

Figure 2 depicts a tahle that shows resulrs of studies using 34 markers Agastric 
manges elected using the above criteria ■ The «h,e indicates the symbo , for me gene> 
* MWG ohgo number, the NCBI mRNA reference se,uence number, the prottin 
reference serprefrce number, the fold change between tumor and non-hrmor gene 
express™, the fold change ranking reiative ,„ outer cancer markers studied, the result „ f 
- ongtnal, unadjusted Student Me* the res* of me Bonferroni-adjusted p value and 
the results of the 2-sample Wilcoxon test 

The median f„,d change (hrmor: non mali^, nssue) for mese 34 genes 
fix™ .6 to 7 and the median change in fo,d change runJc renged ftom -, W to - 
25,783. Them a xnnumpo S s i bleeha„gei„f„ 1 d changeraAwas . 29i7I8 Foreachofme 
markers shown, the statistical sigmncance of their specify as cancer maHtera was 
ound to be exhemely high. The BoruWadjus,*, p vahres were, in genera,, all below 
10 or less. ,„d,ca,ing ma, diagnosis using these markers is very highly associated with 
gastric cancer. 

The three cystatins (CST1, CST2, and CST4) are highly homologous and 
represented by the same oligonucleotide on the microarray. 
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the 4 selected cancer markers detected using array and qPCR methods. For each graph in 
Figure 4, the horizontal axis represents the array log2 fold change in gene expression, and 
the vertical axis represents the qPCR log2 fold change in gene expression. We found that 
there was a strong correlation between the two methods, as indicated by the co-variant 
relationship between the methods. The strong correlation indicates that both microarray 
fold change analysis and qPCR are suitable methods for detecting changes in the 
expression of gastric cancer marker genes and therefore can be used as an accurate, 
sensitive screening method. It can also be appreciated from Figures 4a - 4d that qPCR 
can be more sensitive at detecting changes in expression than are array methods. Thus, in 
situations in which early detection is especially desirable, qPCR may be especially useful 

Figures 5a - 5w depict histograms comparing frequency of observation of 
expression of each of a series of 23 genes (vertical axis) and the log2 fold change in 
expression for that gene (horizontal axis), for both normal tissue (open bars) and tumor 
tissues (black bars). We found surprisingly that for each of these 23 genes, there was 
substantial separation in the frequency distributions between normal and tumor tissue, as 
reflected by the low degree of overlap between the frequency distribution curves. For 
example, Figure 5b depicts the results for CST 1, 2 and 4, for which there was only one 
normal sample observed to have an expression level in the tumor range. In other cases 
(e.g., Figure 5n; for PRS 1 1) each frequency distribution curve was relatively narrow and 
there was a degree of overlap. However, even for this marker, the median log2 fold 
change showed a substantial separation of the amount of gene expression. In other cases, 
(e.g., Figure 5a; ASPN), although there was some overlap, there was a clear separation of 
the median log2 fold expression between normal and tumor samples. 

Figure 6 depicts a histogram of the number of genes exhibiting a significantly 
increased expression in tumor samples compared to normal samples (vertical axis) and 
the individual samples tested. In each case, the tumor sample exhibited multiple genes 
with elevated expression levels. The lowest number of genes having increased 
expression was 7, found in sample E123. This finding indicates that, in situations in 
which multiple genes are overexpressed relative to normal tissue, the reliability of cancer 
detection can be very high, making diagnosis of cancer more certain. However, in some 
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cases, elevation of expression of a single marker gene is sufficient to lead to the diagnosis 
of cancer. 

Example 9: Detection of Gastric Tumor Marker Proteins 

In yet further embodiments, GTM proteins can be detected as a basis for 
diagnosis. In certain situations, the concentration of mRNA in a particular sample, such 
as a sample containing no cells, it may be difficult to use either microarray or qPCR 
methods to detect elevations in gene expression. Thus, in certain embodiments, detection 
of GTM proteins can be accomplished using antibodies directed against either the entire 
protein, a fragment of the protein (peptide) or the protein core. Methods for detecting 
and quantifying expression of proteins and peptides are known in the art and can include 
methods relying on specific antibodies raised against the protein or peptide. Monoclonal 
antibodies and polyclonal antisera can be made using methods that are well known in the 
art and need not be described herein further. 

Although certain marker proteins can be glycosylated, variations in the pattern of 
glycosylation can, in certain circumstances, lead to mis-detection of forms of GTMs that 
lack usual glycosylation patterns. Thus, in certain embodiments of this invention, GTM 
immunogens can include deglycosylated GTM or deglycosylated GTM fragments. 
Deglycosylation can be accomplished using one or more glycosidases known in the art. 
Alternatively, GTM cDNA can be expressed in glycosylation-deficient cell lines, such as 
prokaryotic cell lines, including E. coli, thereby producing non-glycosylated proteins or 
peptides. It can also be appreciated that the level and quality of glycosylation can be 
sensitive to the presence of essential precursors for sugar side-chains. Thus, in the 
absence of an essential sugar, "normal" glycosylation may not occur, but rather, shorter 
or missing side chain sugars may be found. Such "glycosylation variants" can be used as 
immunogens to produce antibodies specific for different types of marker genes. 

Once an antibody or antiserum against a GTM is produced, such antibody 
preparations can be used for in a variety of ways. First, enzyme-linked immunosorbent 
assay (ELISA) or radioimmunoassay (RIA) methods can be used to quantify GTM 
proteins or peptides. Immunodetection can be accomplished in tissue samples using 
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iramunohistochemistry. These methods are all known in the art and need not be 
described further herein. 

Example 1 1 : Vectors Containing GTM Oligonucleotides 

Other embodiments of this invention include vectors useful for in vitro expression 
of marker genes or portions thereof ("marker peptides") or fragments of marker gene 
products. For example, vectors can be made having oligonucleotides for encoding GTMs 
therein. Many such vectors can be based on standard vectors known in the art. This 
invention also includes vectors that can be used to transfect a variety of cell lines to 
prepare GTM-producing cell lines, which can be used to produce desired quantities of 
GTMs for development of specific antibodies or other reagents for detection of GTMs or 
for standardizing developed assays for GTMs. 

It is to be understood that to manufacture such vectors, an oligonucleotide 
containing the entire open reading frame or a portion of such an open reading frame 
encoding a portion of the protein to be expressed can be inserted into a vector containing 
a promoter region, one or more enhancer regions operably linked to the oligonucleotide 
sequece, with an initiation codon, an open reading frame, and a stop codon. Methods for 
producing expression vectors are known in the art and need not be repeated herein. 

It can also be appreciated that one or more selectable markers can be inserted into 
an expression vector to permit the expansion of cell lines selected to contain the 
expression vector of interest. Moreover, one can also insert leader sequences known in 
the art, in frame, to direct secretion, internal storage or membrane insertion of the protein 
or protein fragment in the expressing cell. 

Example 12: Cells Transfected with GTM-Containing Vectors 

In still further embodiments, cells are provided that can express GTMs, GTM 
fragments or peptide markers. Both prokaryotic and eukaryotic cells can be so used. For 
example, E. coli (a prokaryotic cell) can be use to produce large quantities of GTMs 
lacking in mature glycosylation (if the particular GTM normally is glycosylated). COS 
cells, 293 cells and a variety of other eukaryotic cells can be used to produce GTMs that 
are glycosylated, or have proper folding and therefore, three-dimensional structure of the 
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native form of the GTM protein. Methods for transfecting such cells are known in the art 
and need not be described further herein. 

Example 13: Kits 

Based on the discoveries of this invention, several types of test kits can be 
produced. First, kits can be made that have a detection device pre-loaded with a 
detection molecule (or "capture reagent"). In embodiments for detection of GTM 
mRNA, such devices can comprise a substrate (e.g., glass, silicon, quartz, metal, etc) on 
which oligonucleotides as capture reagents that hybridize with the mRNA to be detected. 
In some embodiments, direct detection of mRNA can be accomplished by hybridizing 
mRNA (labeled with cy3, cy5, radiolabel or other label) to the oligonucleotides on the 
substrate. In other embodiments, detection of mRNA can be accomplished by first 
making complementary DNA (cDNA) to the desired mRNA. Then, labeled cDNA can 
be hybridized to the oligonucleotides on the substrate and detected. 

Regardless of the detection method employed, comparison of test GTM 
expression with a standard measure of expression is desirable. For example, RNA 
expression can be standardized to total cellular DNA, to expression of constitutively 
expressed RNAs (for example, ribosomal RNA) or to other relatively constant markers. 

Antibodies can also be used in kits as capture reagents. In some embodiments, a 
substrate (e.g., a multiwell plate) can have a specific GTM capture reagent attached 
thereto. In some embodiments, a kit can have a blocking reagent included. Blocking 
reagents can be used to reduce non-specific binding. For example, non-specific 
oligonucleotide binding can reduced using excess DNA from any convenient source that 
does not contain GTM oligonucleotides, such as salmon sperm DNA. Non-specific 
antibody binding can be reduced using an excess of a blocking protein such as serum 
albumin. It can be appreciated that numerous methods for detecting oligonucleotides and 
proteins are known in the art, and any strategy that can specifically detect GTM 
associated molecules can be used and be considered within the scope of this invention. 

In embodiments relying upon antibody detection, GTM proteins or peptides can 
be expressed on a per cell basis, or on the basis of total cellular, tissue, or fluid protein, 
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fluid volume, tissue mass (weight). Additionally, GTM in serum can be expressed on the 
basis of a relatively high-abundance serum protein such as albumin. 

In addition to a substrate, a test kit can comprise capture reagents (such as 
probes), washing solutions (e.g., SSC, other salts, buffers, detergents and the like), as 
well as detection moieties (e.g., cy3, cy5, radiolabels, and the like). Kits can also include 
instructions for use and a package. 

Although this invention is described with reference to specific embodiments 
thereof, it can be appreciated that other embodiments involving the use of the disclosed 
markers can be used without departing from the scope of this invention. 

INDUSTRIAL APPLICABILITY 
Methods for detecting GTM family members include detection of nucleic acids 
using microarray and/or real time PCR methods and detection of proteins and peptides. 
The compositions and methods of this invention are useful in the manufacture of 
diagnostic devices and kits, diagnosis of disease, evaluating efficacy of therapy, and for 
producing reagents suitable for measuring expression of GTM family members in 
biological samples. 
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I Claim: 



1 . A method for detecting cancer, comprising: 

(a) providing a biological sample; and 

(b) detecting the over expression of a GTM family member in said sample. 

2. The method of claim 1 , wherein said cancer is gastric cancer. 

3. The method of claim 1, wherein said step of detecting is carried out by detecting 
over expression of GTM mRNA. 

4. The method of claim 1, wherein said step of detecting is carried out by detecting 
over expression of a GTM protein. 

5. The method of claim 1, wherein said step of detecting is carried out by detecting 
over expression of a GTM peptide. 

6. A polyclonal antiserum specific for a GTM. 

7. A monoclonal antibody specific for a GTM. 

8. A device for detecting a GTM, comprising: 

a substrate having a GTM capture reagent thereon; and 

a detector associated with said substrate, said detector capable of detecting a 
GTM associated with said capture reagent. 

9. The device of claim 8, wherein said GTM capture reagent is an oligonucleotide. 

1 0. The device of claim 8, wherein said GTM capture reagent is an antibody. 

11. A kit for detecting cancer, comprising: 
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a substrate; 

a GTM capture reagent; and 
instructions for use. 

12. The kit of claim 11, wherein said GTM capture reagent is a GTM-specific 
oligonucleotide. 

13. The kit of claim 11, wherein said GTM capture reagent is a GTM-specific 
antibody. 

1 4. An expression vector for a GTM, comprising: 
a promoter; 

one or more enhancers; 
an initiation codon; 

an oligonucleotide sequence of a GTM in an open reading frame; and 
a stop codon. 

1 5 . The vector of claim 1 4, further comprising a selectable marker. 

16. A cell for expressing a GTM comprising: 

a cell capable of sustained growth in in vitro conditions; and 

a functional expression vector containing a GTM oligonucleotide sequence. 

17. The cell of claim 16, wherein said cell is a prokaryotic cell. 

18. The cell of claim 16, wherein said cell is a eukaryotic cell. 

19. A method for manufacturing a monoclonal antibody, comprising the steps of: 
immunizing a host organism with a GTM protein or fragment; 

isolating a spleen cell from said host; 
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fusing said spleen cell with a cell capable of being propagated in vitro thereby 
producing a fused cell; 

selecting and isolating said fused cell; and 
producing an culture from said isolated fused cells. 



20. A method for detecting gastric cancer, comprising the steps of: 

providing a sample from a patient suspected of having gastric cancer; 
measuring the presence of a GTM protein using an ELISA method. 
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ABSTRACT 

Early detection of tumors is a major determinant of survival of patients suffering 
(com tumors, including gastric tumors. Members of the GTM gene family can be highly 
and consistently over-expressed in gastric tumor tissue and other tumor tissue, and thus 
can be used as markers for gastric and other types of cancer. GTM proteins can be 
secreted and can reach high concentrations in the serum and/or other fluids when 
expressed, detection of GTM family members can be also be detected in the body fluids 
of individuals with cancer and thus can be an effective diagnostic approach. Anti-GTM 
antibodies are useful markers for the diagnosis, early detection and monitoring of gastric 
and other types of cancer. 



Attorney Docket No: PEBL 1006 USO DBB 
dbb/PEBL/1006.001.doc 



21 



Express Mailing No: EV 326 482 161 US 



Seq. ID 
No. 


in 
m 


so 
m 


in 


03 

m 


n 






IN 


m 

tt- 


i 








CO 

Tf 


9 


o 
in 


in 














probe 


i 

I 

u 
u 
< 

< 

i 


u 

CD 

5 

U 
CD 
CD 
U 

5 

i 

< 


O 

I 

5 

CD 

3 

CD 

s 
E 

< 

CD 

5 

U 

3 


J- 
CD 

3 
5 

CD 

I 


U 

8 

< 

1 
§ 

I 
I 

CD 
CD 

8 


« 

CD 
(3 
< 
13 

i 

< 

i 

(3 

3 

U 

i 


! 

s 


1 

< 

I 

u 
u 

5 

cd 

1 


I 
( 

CD 

1 
I 

U 


s 

IS 

g 
51 

13 
13 

1 


! 

S 

< 
< 

s 


i 

1 

C3 

3 

O 

3 
§ 

l 


(3 

S 

13 

g 


13 
U 
< 

I 

8 

u 
u 

g 

3 

u 
< 

g 


(3 
CD 

1 

3 
§ 

3 

< 


i 
1 

C3 
C3 
U 

CD 
< 

U 
CD 
CD 
< 


s 

i 
i 

i 

3 

o 

J 














Seq. 
ID No. 


co 




o 

IN 


IN 


IN 
IN 


r> 

IV 


IN 


LT) 
IN 


\C 
IN 




00 
IN 


IN 


O 


n 


IN 

rn 


rn 
in 
















w 

CI 

! 

Q 

i 
i 


g 

\ 

X 

\ 


C3 

cd 
cd 

I 

3 

CD 

i 


< 

o 

I 

i 

b 
§ 

cd 


< 

i 
s 

0 

i 

0 

cd 

3 

< 


CD 
IP 

5 
g 

2 

< 


(5 
cd 

CD 

t3 

1 

< 

13 

CD 


13 

s 

i 
1 

s 

< 

8 
< 

i 

u 


(3 

cd 

(3 

3 

U 

1 

! 


i 
I 

U 

8 

i 


1 
l 


U 

j 

t3 

to 

< 

tD 


i 

I 

t3 


1 

3 

I 


3 

K 

o 
o 

5 

13 

8 


i 

§ 

< 

CD 

i 


b 

CD 

i 

CD 

1 

c3 


1 
t 














Seq ID 
No. 




fN 


m 








rv 


00 




o 


t-i 


IN 


n 




to 


















forward primer 


§ 

cd 

! 

< 


| 

I 


<t 
CD 

§ 

u 
cd 

1 

< 


5 

u 

§ 

cd 
cd 


§ 

CD 
ID 

U 

1 

13 

5 


cd 
< 

13 

B 

I 

i 

< 


1 

U 
< 

u 

13 

1 
G 


u 

I 

CD 


< 

13 

s 

13 
< 


& 

u 

1 

! 

t3 


13 
U 

U 
< 

I 

8 


1 

13 

3 
8 


t 

U 

3 

13 
U 
O 

3 

6 

8 


I 

R 


f 

U 
C3 
C3 

g 

CD 
C3 

H 


CD 

1 

CD 

CD 

3 
g 

< 

CD 

i 


1 

3 

CD 

1 

1 
g 


E 

c* 

S 
r>. 
rs 
in 

X 


E 

LO 
Tf 

m 

IN 

o 
o 

in 
Z 


E 

to 
to 
o 
o 

CO 

o 
o 

to 
X 


E 

rn 
o 

o 

o 

o 

yj 
X 


E 

rn 
cn 
O 
r«. 

U3 

§ 
X 


- 

E 

CO 

o 
o» 
in 

\D 

8 

v> 
X 


Applied 
Blosy stems 
"assay on 
demand* 4 
assay # 






Tf 
rsi 

6 






























symbol 


i 

a 


IM 

s 

8 


x 

C3 

cd 


a 

£ 

J3 


© 
-1 


—1 

S 

o. 


3 


X 

3 


(N 

rH 
Q. 

z 

z 


a. 
P 


I 
< 

a 


IM 

a 

£ 


< 
a 

CO 


w 

CO 

a 
a 


IN 
10 
CD 






IN 

a. 
S 
tu 

u_ 
111 


* 

a. 
t£ 
u. 
Ul 


< 
CO 
X 

z 


a 

CL 

cn 


5 


name 


8 

TO 

"0 

w 

C 

■c 
o 

a, 
«n 

(0 


IN 
C 

s 

1 

e 

a. 

*s 

3 

tn 
c 

If 


to 

eB 
< 

L0 

z 

to 
tft 
c 

s 


© 

(A 

n 

8 

TJ 
> 

JC 

~> 

E 
5 

3 

? 
*0 

E 
| 


N 

c 

a> 
** 

e 

a 
o 
c 

TJ 
C 

S 

w 

o 

tJ 

I 
B 
o 

I 
c 
3 

vt 
c 


o 
c 
£ 

-X 


c 
in 
u 
> 

! 

e 

a 

u 

r 
c 
« 
o 

£ S 

e s 
* s 

fl 

5 


c 

S 

E 

3 


IN 

1 

0) 
w 
« 
T5 
X 

o 

1 


fN 

>-l 

V 
vt 

CO 

c 

01 

B 

a 

o 

« 

E 

X 

E 
E 


2 

C 
g 

c 

e 

a 
o 

1 

E 


K 
2 

TJ 
> 

£ 
O 

"O 

E 
n 
a 
c 

O 
a 
c 

a 

(A 

« 

c 


(N 
C 

e 

a 

T3 

w 
c 

TJ 

N 
N 

J- 

TJ 


u 

•c 

0J 

c 

a; 

TJ 
« 
C 

£ 

a 

TJ 

V 

i 

8 


c 

TJ 
U. 

C3 
»-( 

s 
s 
s 

Q 

a> 
c 

•c 

s 


IN 
c 

TJ 

c 

s 

VI 

O 

-O 

E 
2 

£ 


c 

3 
O 

I 


§ 

ro 


JO 
3 

QJ 
u 

O 

c 

C fN 

fl 

ii 


c 

s 
e 

Q 
TJ 
2 

ro 
C 

TJ 
O 

» 

e 

i 


c 

< 

e 

OJ 
X3 

c 

B 

£ 
C 


c 
c 

a 

o 

o 

g 


TJ 

g 
3 
T3 
C 

m 

V. 

O 

c 
o 
c 

E 
1 

c 

e 



I ! 



ID 

•! 
** 

a 



c 
a 
u 

u 



in 

(0; 

I 

6 

Cl 

Oi 



E! 
a 



oi 

1MB • 

(0. 

u 
C 

c 

(0 
3 

Ui 
Q. 

2 

>! 



II 



S 0) 

X S • 

A S 

■ t 



T-l 



jcoiotvoIrN oo ol 
r^Soiinivo o^ioo 



i 1 



org 



•bin 
;eola> 



!\o r o*jvo|a» 



mfo 

AO o 



I ! 



§2 « 

Is* 

I- C 

TO y 

Is 



J)! 

E 

>i 



r>i in 
ro 
in 
m 



•thi r\l 
in 



i 



• rsl 



! tn cn!m 

< ; U]U 

: l 



it 



m in 5j- 



I- +4-1- 



in t iH 

i 



1 (N ! 

'si 

1 8 

! >J 

i O! 

.«! 

i P 



in 



TvofoV 



rsi loo 
I in 



j _ 
in volcn 



GO 



ii 

C. 



Cj 

.y • 

t5 i 
to; 



' w ; <Oitf ! 
• u. in'-T 

" in 



II 

JElJS 

Cl 3 



£ 2 

Ol c 

ov o, 
w.c > 
toi o! CP 



c to 



Irs 

if 

i 2 

i CT 

IJE 
i -a 
j c 

LO 

! L_ 

o 

tJ 



S 
3 



C 
03 
U 
> 

o 

cu 

2, 

i u 

1 an 
• * 

2i 



3s 

0)1 3 



in 



! ! 



ai|m amn 



I j 
i- 
i 



IN 

col 



I ! 



■ I 
! I 



; I 

vo"in 
mrsi 



i 



ini 



cnlrn 



\<v\S 



(3J 
W 
JO 

2 

.c 
o 

"O 



03 



5t 

! I 



5T 
O 

rvlj 



infr^i 



I 
I 



P 



U 

jeI2? 

Pi V) 
03, — 

to 



c 
o 
Qj 
o 

It) 

! o 



2, 

i 

"OI c 

US 



<3J 



|tN| 



■a 
a> 
u 

3 
"O 

c 

* I 
CO 
l_ 
! o 

.TO 



2 

0)1 0J 

in to i in ! 



in "O 
to c 
<u o 

III, . 



ai 

o 

ov£ 
~ in 
c 



in 
a; 



03 

in 
c 

05 

c 
"to 



! in 

I* 



TO 

|2 

: <3J 
i > 

a> 

c 
o 

IA 

in 

CL 
X 



I 



12 
o 

E 
o 

Ol 

2 
c 

<u 

2 
<u 



en 

3 

(9D 



ASPN 



o 

O) 

c 
eg 

O 
CM 

o 

CL 
CL 




-3 - 



■ Normal 
A Tumour 



array log2 fold change 



Figure 4(a) 



SPP1 



I w-r 

8 - 

■ 

6 - 

4 - 

2 
■a 


*f 

A 

AA [ 
A A* A 

A 

* a * 

A A 
A A * 

s % : • . 


-l . -2 ■ ! 

■ » 

■ ■ 

-4 - 

6- 


L/ 5 -*- ■ ■ 

I- 2 4 6 ( 

■ ■ 
■ 

■ ■ Normal 

a Tumour 



array log2 fold change 



Figure 4(b) 



SPARC 




array log2 fold change 



Figure 4(c) 



MMP12 



ttt- 

8 

6 - 

A 

4 - 

^a&i 


A 

A A 

1 A A " 

tf ' * 


■ 

A A ■ -4- 
A 

-6 - 

' — " -8- 


* B ■ 1 2 3 4 !i 
1 ■ 

4 

■ 

■ Normal 
a Tumour 



array log2 fold change 
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